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Previewsin NFkB activation, inflammation, and
tumorigenesis, it is important to deter-
mine how caspase-2 and its downstream
targets contribute to these cellular pro-
cesses during ER stress.
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The assembly of neuronal synapses in the brain relies on a sophisticated bidirectional signal exchange
between synaptic partners. In a recent issue of Neuron, Ito-Ishida and colleagues (2012) uncover a morpho-
genetic program underlying the formation of presynaptic terminals.The formation of neuronal synapses
during development of the central
nervous system represents a remarkable
morphogenetic process. Bidirectional
communication between axons and den-
drites instructs the assembly of an asym-
metric synaptic junction (Shen and
Scheiffele, 2010). Thus, dendrite-derived
signals transform a segment of a thin
axonal process into a varicosity filled
with synaptic vesicles docked at sites
for regulated neurotransmitter release.
Simultaneously, axonal signals drive the
accumulation of neurotransmitter recep-
tors opposite these release sites. For
most synapses secreting the transmitter
glutamate, these accumulations are found
on so-called dendritic spines, thorny
protrusions apposed to the presynaptic
varicosity. A new study by Ito-Ishida
et al. (2012), published in a recent
issue of Neuron, now provides insights
into the trans-cellular signaling mecha-
nisms that coordinate these profound
rearrangements.
Most previous studies on the cellular
dynamics of neuronal synapse formation
have focused on filopodial extensionsfrom the dendrite that initiate axo-
dendritic contacts and subsequently
mature into dendritic spines (Yuste and
Bonhoeffer, 2004). By comparison, axonal
dynamics during synapse formation are
much less defined. The dendrite-centric
view has largely emerged from studies
on glutamatergic synapses formed onto
pyramidal cells in the hippocampus and
cortex. However, axo-dendritic dynamics
for other synapses differ substantially
(Sotelo, 1982; Wierenga et al., 2008). For
example, cerebellar Purkinje cells are
studded with dendritic spines even in the
absence of parallel fibers that constitute
their presynaptic partner. Presynaptic
varicosities emerge en passant in parallel
fiber axons upon contact with the Purkinje
cell dendrite. Thus, different synapses
adopt different morphogenetic programs.
This diversity of morphogenetic programs
is mirrored in the diversity of trans-
synaptic signaling systems that drive
synaptogenesis in the brain (Shen and
Scheiffele, 2010). Thus, it remains a major
question how individual trans-synaptic
signaling systems instruct specific steps
of the synaptic differentiation process.Ito-Ishida and colleagues (2012) now
carefully explore axonal dynamics of
parallel fiber synapses in the mouse cere-
bellum. Previous work implicated a tripar-
tite complex consisting of the presynaptic
adhesionmolecule neurexin, the extracel-
lular linker Cbln1, and the postsynaptic
receptor GluD2 in the formation of parallel
fiber synapses. Clustering of axonal neu-
rexins by postsynaptic ligands is sufficient
to trigger the assembly of functional
presynaptic terminals (Dean et al., 2003).
The secreted protein Cbln1 links presyn-
aptic neurexins and postsynaptic GluD2
into the tripartite complex (Uemura et al.,
2010). Oligomerization of the components
of this complex (GluD2 forms tetramers
andCbln1 hexamers) then drives neurexin
clustering and presynaptic differentiation
(Lee et al., 2012).
Given that Cbln1 is a secreted factor, it
can be exogenously added to slice prepa-
rations or the intact brain of Cbln1
knockout mice to acutely trigger the en-
gagement of the neurexin-Cbln1-GluD2
complex (Ito-Ishida et al., 2008). Using
live-imaging approaches, Ito-Ishida and
colleagues now chronicle morphologicalovember 13, 2012 ª2012 Elsevier Inc. 923
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Figure 1. Schematic Diagram of trans-Synaptic Neurexin-Cbln1-GluD2 Complex in Parallel Fiber-Purkinje Cell Synaptogenesis
See text for details.
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Previewstransformations after Cbln1 application.
They describe a characteristic pattern of
axonal rearrangements (Figure 1): upon
trans-synaptic engagement, synaptic
vesicles are recruited to parallel fiber-
Purkinje cell contacts. Subsequently, the
axon frequently forms either ‘‘simple’’ or
‘‘circular protrusions’’ that amplify the
adhesive contact with the dendritic spine,
ultimately resulting in a large bouton that
encapsulates much of the spine surface.
This process simultaneously requires
extracellular Cbln1, axonal neurexins,
and dendritic GluD2, suggesting a form
of coincidence detection that restricts
initiation of the morphogenetic program
to parallel fiber-Purkinje cell contacts.
Cbln1 and its axonal receptor neurexin
are rate-limiting components. Indeed,
parallel fiber axons navigate through the
molecular layer that is densely populated
by unoccupied Purkinje cell dendritic
spines, providing an excess of potential
postsynaptic partners.Only uponengage-
ment of the axon-derived neurexin-Cbln1
complex is synapse formation initiated.
Ultrastructural observations in the devel-
oping cerebellar cortex confirm the exten-
sion of axonal parallel fiber protrusions
and the encapsulation of Purkinje cell
dendritic spines. Interestingly, the spine
coverage recedes in adult animals, re-
flecting a further maturation of the presyn-924 Developmental Cell 23, November 13, 20aptic terminals. Thus, at parallel fiber-
Purkinje cell synapses, the axon is not a
passive bystander waiting to be captured
by dendritic filopodia. Instead, the axon
provides rate-limiting synaptogenic sig-
nals that initiate a set of complex axonal
rearrangements that reinforce the trans-
synaptic coupling.
While this study provides exciting
insights, there are additional important
questions to be answered in the future.
One question concerns the glial participa-
tion in the morphological rearrangements.
Astrocytic processes closely ensheath
mature parallel fiber synapses in the cere-
bellum and are critical for their function.
Therefore, parallel fiber boutons essen-
tially compete with astroglial processes
for spine territory. So how are glial and
parallel fiber-derived signals coordinated
to achieve the right level of coverage?
Are there alternative, Cbln1-independent
pathways for parallel fiber terminal
assembly? Notably, >50% of boutons still
form in Cbln1 or GluD2 knockout cere-
bellum, indicating that this early step of
synaptic differentiation can also be driven
by other signaling systems. Such systems
could include additional neurexin binding
partners, such as neuroligins (Su¨dhof,
2008). Finally, the downstream mediators
that drive synaptic differentiation down-
stream of neurexins (or, in fact, of any12 ª2012 Elsevier Inc.mammalian trans-synaptic signaling sys-
tem) remain to be discovered. Answers
to these questions will not only advance
our understanding of cerebellar develop-
ment but also likely uncover general prin-
ciples of neuronal synapse formation in
the entire nervous system.
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